Introduction {#S1}
============

Metabolic syndrome (MES) is a medical condition with a clustering of major risk factors for cardiovascular diseases and type 2 diabetes \[[@R1]\]. It was also previously termed syndrome X \[[@R2]\], or syndrome of insulin resistance \[[@R3]\]. There are several definitions of MES worldwide. In 1998, Alberti and Zimmet proposed, for the first time, a definition for MES for World Health Organization (WHO) \[[@R4]\]. It consists of insulin resistance and/or dysglycaemia, plus two or more of the following conditions: (i) hypertension = known hypertensive or blood pressure (BP) ≥160/90 mmHg (modified to ≥140/90 mmHg in 1999 \[[@R5]\]); (ii) dyslipidaemia = triglyceride (TG) ≥1.7 mmol/L and/or high-density lipoprotein cholesterol (HDL-C) \<0.9 mmol/L in men or \<1.0 mmol/L in women; (iii) obesity = waist--hip ratio (WHR) \>0.9 in men or \>0.85 in women and/or body mass index (BMI) \>30 kg/m^2^ and (iv) microalbuminuria = urinary albumin excretion rate ≥20 μg/min or albumin:creatinine ratio ≥20 mg/g.

Dysglycaemia includes known diabetes or impaired glucose tolerance (IGT) or fasting plasma glucose (PG) ≥6.1 mmol/L. There is still no international consensus on a 'normal range' for insulin resistance. With euglycaemic clamp technique, insulin resistance is defined in this WHO 1998 criterion as glucose uptake below lowest quartile for background population under investigation \[[@R4]\].

In 1999, the European Group for the Study of Insulin Resistance (EGIR) also proposed a similar definition \[[@R6]\], which requires the measurement of insulin resistance. This EGIR criterion was most impressive by introducing the waist circumference to define obesity, instead of using BMI and WHR. In 2001, the National Cholesterol Education Program (NCEP) Expert Panel (Adult Treatment Panel III) proposed a more simple diagnostic criterion for clinical identification of MES in their third report \[[@R7]\]. According to the NCEP criterion, having three or more of the following conditions are considered diagnostic for MES: obesity (waist circumference \>102 cm in men or \>88 cm in women), high BP (BP ≥130/85 mmHg or on treatment), dysglycaemia (known diabetes or fasting PG ≥6.1 mmol/L, modified to ≥5.6 mmol/L in 2005 \[[@R8]\]), elevated fasting plasma TG (≥1.7 mmol/L), low HDL-C concentration (\<1.0 mmol/L in men or \<1.3 mmol/L in women). Due to its simplicity and clinical relevance, the NCEP definition for MES is nowadays the one being most widely used in general populations.

Other definitions of MES include American Association of Clinical Endocrinologists (AACE) criteria proposed in 2003 \[[@R9]\] and International Diabetes Federation (IDF) criteria in 2005 \[[@R1]\]. In particular, the most recently proposed IDF criterion modified the NCEP criterion and highlighted the essential element of central obesity and the need to consider ethnicity in its definition. Table [1](#T1){ref-type="table"} summarizes these definitions and variations in the thresholds for each category in the different criteria.

###### 

Comparison of the various definitions of metabolic syndrome in general populations

                       WHO, 1998 \[[@R4]\]                                                         EGIR, 1999 \[[@R6]\]                                     NCEP ATPIII, 2001 \[[@R7]\]                                 IDF, 2005 \[[@R1]\]
  -------------------- --------------------------------------------------------------------------- -------------------------------------------------------- ----------------------------------------------------------- -------------------------------------------------------------------------
  Insulin resistance   Known dysglycaemia (diabetes/IFG/IGT) and/or insulin resistance             Insulin resistance                                       --                                                          --
                       Plus ≥2 of the following:                                                   Plus ≥2 of the following:                                ≥3 of the following:                                        
  Obesity              BMI \>30 kg/m^2^ or waist-to-hip ratio for men: \>0.9; for women: \>0.85    Waist circumference for men: ≥94 cm; for women: ≥80 cm   Waist circumference for men: \>102 cm; for women: \>88 cm   Waist circumference for men: ≥94 cm; for women: ≥80 cm (a prerequisite)
                                                                                                                                                                                                                        Plus ≥2 of the following:
  Dyslipidaemia        TG: ≥1.7 mmol/L; or HDL-C for men: \<0.9 mmol/L; for women: \<1.0 mmol/L    TG: \>2.0 mmol/L; or HDL-C: \<1.0 mmol/L                 TG: ≥1.7 mmol/L                                             TG: ≥1.7 mmol/L
                                                                                                                                                            Low HDL-C: \<1.0 mmol/L in men; or \<1.3 mmol/L in women    Low HDL-C: \<1.0 mmol/L in men; or \<1.3 mmol/L in women
  Hypertension         On treatment or BP: ≥160/ 90 mmHg^a^                                        On treatment or BP ≥140/ 90 mmHg                         On treatment or BP ≥130/ 85 mmHg                            On treatment or BP ≥130/ 85 mmHg
  Microalbuminuria     Urinary albumin excretion ≥20 μg/min or albumin:creatinine ratio ≥20 mg/g   --                                                       --                                                          --
  Dysglycaemia                                                                                     Fasting PG ≥6.1 mmol/L                                   Fasting^b^ PG ≥6.1 mmol/L                                   Fasting PG ≥5.6 mmol/L

WHO, World Health Organization; EGIR, European Group for the study of Insulin Resistance; NCEP ATP III, National Cholesterol Education Program Adult Treatment Panel III; AACE, American Association of Clinical Endocrinology; IDF, International Diabetes Federation; IFG, impaired fasting glucose; IGT, impaired glucose tolerance; BMI, body mass index; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure; PG, plasma glucose; OGTT, oral glucose tolerance test.

^a^BP cutoff value of the WHO 1998 criteria was revised to 140/90 mmHg in 1999 \[[@R5]\].

^b^Fasting PG cutoff level of the NCEP ATPIII 2001 criteria was modified to 5.6 mmol/L in 2005 \[[@R8]\].

Pathophysiology of metabolic syndrome {#S2}
=====================================

The key element of the constellation of features in MES is obesity as highlighted by the revised criteria for MES by IDF \[[@R1],[@R10]\]. Obesity, especially central obesity, is associated with increased visceral adipose tissue that, being metabolically very active, releases a substantial amount of free fatty acids (FFA) and hence associated with a high serum FFA level.

Adipose tissue can be considered as the largest secretory organ in the body \[[@R11]\]. Adipocytes produce a wide range of signalling protein and factors termed adipocytokines \[[@R13]\]. Some of the major adipocytokines include tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6), plasminogen activator inhibitor (PAI-1), leptin, monocyte chemotactic protein-1, macrophage migration inhibitory factor and adiponectin. These serve as the signals for the effects of adipocytes on insulin resistance, inflammation, dyslipidaemia, hypertension, endothelial dysfunction and atherosclerosis \[[@R14]\]. Excessive fatty acids are also associated with insulin resistance, proinflammatory state and pro-thrombotic state \[[@R25]\]. Long-standing hypertension and abnormal blood glucose levels can lead to damage of the kidneys, resulting in albuminuria and even renal failure (see Figure [1](#F1){ref-type="fig"}).

![Association between visceral fat and other elements of metabolic syndrome (FFA: free fatty acid).](sfn073fig1){#F1}

Factors to be considered on the diagnostic criteria {#S3}
===================================================

Obesity---ethnic issues {#S3-1}
-----------------------

Conventionally, obesity is defined as body fat \>25% in males and \>35% in females for young adults \[[@R27]\]. In young Caucasians, these body fat percentages correspond to a BMI of 30 kg/m^2^ while a BMI of 25 kg/m^2^ corresponds to body fat percentages of 20 in males and 30 in females \[[@R28]\]. In accord to these, a BMI cutoff point of ≥25--29.9 kg/m^2^ is defined for overweight while ≥30 kg/m^2^ for obesity \[[@R29]\].

In the early 1990s, epidemiological studies in Asians have shown that the threshold value of anthropometric indexes for association with cardiovascular risk factors was considerably lower than those conventionally used in Caucasians \[[@R30]\]. This has led to the proposed Asian definition of obesity: BMI ≥ 25 kg/m^2^; waist circumference ≥ 80 cm in women and ≥90 cm in men \[[@R32]\]. This was followed by a prolific number of reports, albeit many were cohort-based and cross-sectional in nature, on different definitions of obesity in different populations \[[@R33]\]. Nevertheless, there is now strong evidence showing that Asian people have more body fat than their Caucasian counterparts for the same BMI \[[@R35]\] suggesting the 'international' cutoff for general obesity at BMI ≥30 kg/m^2^ is too high for Asians. Similar arguments are also applicable to central obesity with the waist circumference cutoff levels among Caucasians at 102 cm (men) and 88 cm (women) are too high and should be modified to 90 cm and 80 cm (men and women respectively) among Asians \[[@R37]\]. The IDF criteria for MES has taken these evidences into consideration and emphasized the ethnic issue in its cutoff levels for obesity \[[@R1]\].

Waist circumference versus BMI {#S3-2}
------------------------------

In the first MES criterion by WHO, BMI and WHR were used to define obesity. Nowadays, waist circumference is considered to be a more important surrogate marker than BMI or WHR for the harmful effects of obesity. This has been supported by the findings that visceral fat measurement on CT scan or magnetic resonance imaging correlate better with waist circumference than WHR \[[@R38]\]. However, among renal patients undergoing peritoneal dialysis, waist circumference may not reliably reflect abdominal visceral fat content. This is due to the presence of Tenckhoff catheter *in situ*, lax skin condition after repeated distention of the abdomen by peritoneal dialysis fluid and potential residual peritoneal dialysate inside the abdomen cavity. With all these considerations, BMI may remain the best anthropometric parameter to measure obesity in renal patients undergoing peritoneal dialysis. It has to be emphasized that BMI remains a good measure in defining obesity. One main reason is the widely reported validity of using BMI in categorizing body composition and body fat content \[[@R41]\]. There is no doubt that central adiposity does more harm than general adiposity. However, with the above major confounders in measuring the waist properly in patients on peritoneal dialysis, BMI should be the better alternative.

Plasma glucose levels in PD patients {#S3-3}
------------------------------------

Genuine fasting state could not be achieved in most peritoneal dialysis (PD) patients because of the continuous glucose absorption from dialysate. There is little doubt that PD patients with fasting glucose over 200 mg/dL (11.1 mmol/L) are definitely diabetic, but those with fasting glucose between 126 and 200 mg/dL (7.0 to 11.1 mmol/L) may be considered as having IGT and are not truly diabetic \[[@R43]\]. In addition to the harmful metabolic effect of glucose load on diabetic patients treated by conventional glucose-based peritoneal dialysis solution, newer evidence has accrued that the adverse effect of glucose load applies to peritoneal dialysis patients without pre-existing diabetes mellitus. We studied 252 non-diabetic Chinese patients newly started on continuous ambulatory peritoneal dialysis for the fasting plasma glucose level 1 month after peritoneal dialysis \[[@R44]\]. Fasting plasma glucose was measured by means of a conventional method after an overnight fast, but with continuation of PD therapy with 1.5% dextrose dialysate. We found that the fasting plasma glucose level correlated significantly with the baseline serum C-reactive protein level. Most importantly, our results showed that even mild hyperglycaemia after peritoneal dialysis, with the fasting plasma glucose level \>5.6 mmol/L (100 mg/dL), is associated with worse survival. By multivariate analysis with the Cox proportional hazard model, every 0.6 mmol/L (10 mg/dL) increase in the fasting plasma glucose level conferred 1.6% excess hazard of all-cause mortality \[[@R44]\]. Although a high fasting plasma glucose level 1 month after starting peritoneal dialysis is probably a surrogate indicator of elderly subjects with multiple comorbid conditions and systemic inflammation, fasting plasma glucose level remained an independent predictor of survival after adjusting for age, C-reactive protein level and Charlson\'s comorbidity score in our study, suggesting a direct detrimental effect of high glucose level \[[@R44]\].

Proposed diagnostic criteria for metabolic syndrome in PD patients {#S3-4}
------------------------------------------------------------------

With all these considerations for diagnosis of metabolic syndrome in PD patients, we propose the following criteria. Modified from NCEP ATP III, 2001 criteria, whenever there are three or more of the following five factors: obesity, high triglyceride, low HDL-C, hypertension or dysglycaemia in PD patients, they are considered having metabolic syndrome (Table [2](#T2){ref-type="table"}). These are based on both scientific evidence and practical use of the criteria for making the diagnosis. NCEP criteria, instead of IDF, are chosen since there is accumulating evidence that suggests that the former is much better associated with clinical outcomes such as incident coronary heart disease \[[@R45]\]. In addition, subjects identified by NCEP criteria are metabolically less favourable and have more insulin resistance than those identified by IDF criteria \[[@R47]\]. Compared to subjects identified by the NCEP definition, subjects identified in excess by IDF showed lower IMT and plaque extent indistinguishable from MES-free subjects \[[@R47]\].

###### 

Proposed diagnostic criteria for metabolic syndrome in peritoneal dialysis (PD) patients

                  Modified from NCEP ATP III, 2001 criteria
  --------------- --------------------------------------------------------
                  ≥3 of the following:
  Obesity         1\. BMI^a^ \>30 kg/m^2^ for Caucasians
                  BMI^a^ \>25 kg/m^2^ for Asians
  Dyslipidaemia   2\. TG: ≥1.7 mmol/L
                  3\. Low HDL-C: \<1.0 mmol/L in men; or \<1.3 mmol/L
                     in women
  Hypertension    4\. BP ≥130/85 mmHg or hypertension on treatment
  Dysglycaemia    5\. Fasting^b^ PG ≥5.6 mmol/L or diabetic on treatment

^a^Body weight for BMI in PD patients is measured either with a dry abdomen or with PD dialysate in abdomen minus *X* kg (*X* is the volume in litres of PD dialysate infused).

^b^Fasting plasma glucose (PG) in PD patients is measured by means of a conventional method after an overnight fast, but with continuation of PD therapy with 1.5% dextrose dialysate.

NCEP ATP III, National Cholesterol Education Programme Adult Treatment Panel III; BMI, body mass index; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; BP, blood pressure.

Following the above discussions, we propose to use BMI instead of waist circumference for our PD patients to define obesity. Body weight for BMI in PD patients is measured either with a dry abdomen or with PD dialysate in the abdomen minus *X* kg (*X* is the volume in litres of PD dialysate infused). The body weight should be measured when the patient is not fluid overloaded or dehydrated. Fasting plasma glucose (PG) in PD patients is measured by means of a conventional method after an overnight fast, but with continuation of PD therapy with 1.5% dextrose dialysate. This is practically more convenient for our patients coming back for follow-up without the need to drain dry the abdomen the night before. The fasting PG cutoff level of the NCEP ATPIII 2001 criterion was already modified to 5.6 mmol/L in 2005 \[[@R8]\]. In addition, our previous study showed that the fasting plasma glucose level (based on oral fast but without 'peritoneal fast') \>5.6 mmol/L (100 mg/dL) was already associated with worse survival \[[@R44]\]. Therefore, we used the fasting plasma glucose level (oral fast without 'peritoneal fast') \>5.6 mmol/L (100 mg/dL) as the criteria for dysglycaemia.

Epidemiology in the general population, CKD and PD patients {#S4}
===========================================================

Using the NCEP criterion, the Third National Health and Nutrition Examination Survey (NHANES III, 1988--1994) \[[@R48]\] reported the age-adjusted prevalence of MES among the US adult general population as 23.7%, affecting 47 million people. Using the same criterion, ∼15--25% of the world\'s general population has features of MES \[[@R25]\]. In a population-based study conducted in Hong Kong using the same criterion, 16.7% (age- and gender-adjusted) of the 2893 subjects had MES \[[@R49]\]. The prevalence of MES is much higher in an at-risk group as compared to the general population. The corresponding figures in patients with type 2 diabetes in Northern Europe and Hong Kong were reported to be 80% and 60%, respectively \[[@R50]\].

It has previously been reported that those with MES have increased risk of developing chronic kidney disease (CKD). Weir *et al*. \[[@R52]\] showed that those with three or more criteria of MES had an adjusted odds ratio (OR) of 2.21 of developing CKD. In accord to this, Tanaka\'s study in Japan involving \>2000 subjects also showed that each of the risk factors in MES (abdominal obesity, high TG, low HDL-C, high fasting PG and hypertension) was associated with the increased prevalence of chronic kidney disease \[[@R53]\]. At the same time, Tanaka *et al*. \[[@R53]\] found that the prevalence of chronic kidney disease increased with the number of MES risk factors such that the prevalence of chronic kidney disease was 11.0% in those with no metabolic risk factors, 12.5% with one, 15.4% with two, 20.7% with three, 24.2% with four and 20.0% with five, respectively. Using the absence of MES risk factors as reference, the adjusted OR (95% CI) of developing chronic kidney disease when the number of MES risk factors increased from 1 to 5 were 1.029 (*P*-value: NS), 1.062 (*P*-value: NS), 1.206 (*P*-value: NS), 1.744 (*P* = 0.0002) and 2.109 (*P* = 0.0077), respectively \[[@R53]\]. Tanaka\'s study used the modified NCEP criteria for MES.

A similar study in a Chinese population showed that the prevalence of chronic kidney disease (estimated-GFR \<60 mL/min) and elevated serum creatinine ≥100.8 μmol/L (1.14 mg/dL) in men and ≥85.7 μmol/L (0.97 mg/dL) in women increases with the number of components of metabolic syndrome \[[@R54]\]. In those without any of the components of MES, there was a prevalence of 1.4% chronic kidney disease and this increased to 6.7% if the patients had five components of MES. Likewise, the prevalence of elevated serum creatinine was 4.6% in patients with no components of MES and this increased to 9.5% in those with five components of MES as defined by the NCEP criteria \[[@R54]\].

In a study done by Johnson\'s group, the prevalence of MES was 30.5% in a group of 200 subjects with chronic kidney disease stages 4 and 5 \[[@R55]\]. This group included 49 peritoneal dialysis, 78 haemodialysis and 73 pre-dialysis subjects. MES was independently predicted by older age, peritoneal dialysis and Maori/Pacific Islander origin. In this study, the prevalence of MES was highest among those on peritoneal dialysis (50%) \[[@R55]\]. Another recent retrospective, cross-sectional study of 202 incident dialysis patients (94% haemodialysis and 6% peritoneal dialysis) examined the prevalence of the metabolic syndrome at the time of renal replacement therapy initiation \[[@R56]\]. Females represented 39.1% and blacks composed 34.7% of the study population, respectively. Diabetes was the aetiology of ESRD in 44.6% of the patients. Using NCEP criteria, the overall prevalence of the metabolic syndrome was 69.3% in that population and was especially prevalent among diabetic, female and white ESRD patients. Using the proposed modified NCEP criteria in Table [2](#T2){ref-type="table"}, our cohort of 212 CAPD patients showed a prevalence of 53.3% (113/212) having MES (PWH unpublished data).

Outcome {#S5}
=======

MES is associated with a raised level of pro-inflammatory cytokines such as IL-6, TNF-α and a reduced level of nitric oxide and adiponectin. This leads to increased inflammation, vasoconstriction and thrombosis, and hence, an accelerated process of atherosclerosis formation \[[@R15],[@R17],[@R18],[@R22],[@R24],[@R57]\].

The dialysis population has a much higher risk of cardiovascular mortality compared with the general population \[[@R58]\]. It has also been shown that among subjects with chronic kidney disease stages 4 and 5, those with MES have a significantly higher risk of mortality (*P* \< 0.05) compared to those without risk factors of MES over a 24-month follow-up \[[@R55]\]. At the same time, in United States, subjects with end-stage renal failure tend to have a higher BMI compared with the general population \[[@R60]\].

A raised BMI in the general population is associated with higher risk of mortality \[[@R61]\]. However, it is still not clear whether obesity leads to a better or worse survival outcome in patients on dialysis. Quite a number of studies have shown that in both haemodialysis and peritoneal dialysis patients, higher BMI is associated with improved survival \[[@R67]\]. At the same time, some studies showed that survival advantage associated with obesity among chronic dialysis patients is significantly less for peritoneal dialysis patients as compared to haemodialysis patients \[[@R71]\]. On the other hand, some studies have shown that a higher degree of obesity leads to worse survival in peritoneal dialysis patients \[[@R73]\]. This negative impact of obesity is associated with a higher hazard ratio of developing peritonitis \[[@R74]\], peritoneal dialysis technique failure \[[@R73]\] and more rapid loss of residual renal function \[[@R75]\].

One reason for the varying association between BMI and survival could be the effect of body composition \[[@R76]\]. In a study on peritoneal dialysis patients, those with a high BMI due to increased fat mass have a worse survival compared to those with a high BMI due to non-fat mass \[[@R76]\]. In other words, incident PD patients with high BMI and normal or high muscle mass have the best survival, and Ramkumar N *et al*. \[[@R76]\] suggested that PD patients should be encouraged to gain muscle mass rather than fat mass. Our previous study also showed that every 1% increase in lean body mass is associated with a 10% reduction in mortality in our PD patients \[[@R69]\]. In peritoneal dialysis patients, it has been shown that BMI is correlated with IL-6 (*r* = 0.43, *P* = 0.004), TNF-α (*r* = 0.36, *P* = 0.018), leptin (*r* = 0.68, *P* \< 0.001) and C-reactive protein (CRP) (*r* = 0.31, *P* = 0.044) \[[@R77]\]. Thus, obesity in patients on peritoneal dialysis may be considered as a pro-inflammatory state \[[@R77]\].

Patients on peritoneal dialysis, compared with those on haemodialysis, might be more at risk of glucose dysregulation, and thus MES. Peritoneal dialysis solutions contain a sizable amount of glucose. Sixty to eighty percent of the glucose instilled into the peritoneal cavity is absorbed, corresponding to 100--300 g of glucose per day \[[@R78]\]. Our group has shown that increased subcutaneous insulin is required in diabetic patients recently commenced on peritoneal dialysis \[[@R79]\]. We also noted a high rate of developing new onset hyperglycaemia among non-diabetic subjects started on peritoneal dialysis \[[@R44]\]. Four weeks after initiation of peritoneal dialysis in 252 non-diabetic Chinese patients, we found that 59 (23.4%) of them developed new onset hyperglycaemia (fasting PG ≥7.0 mmol/L or 125 mg/dL) \[48 patients (19.0%) had fasting PG between 7.0 and 11.1 mmol/L (126--200 mg/dL) and 11 patients (4.4%) had fasting PG \>11.1 mmol/l (200 mg/dL)\] \[[@R44]\]. *De novo* diabetes mellitus in non-diabetic patients on peritoneal dialysis has also been noted in previous studies and can be in the range of 5% \[[@R80]\].

Interventions {#S6}
=============

We should be alert to the possibility of developing MES among our patients started on dialysis. Interventions for MES mainly consist of lifestyle modification. Specific treatment for each of the components is also indicated in selected patients to optimize the effects.

Abnormal glucose {#S6-1}
----------------

Glycaemic control in PD patients consists of lifestyle changes, hypoglycaemic agents and non-glucose-based dialysis solutions. Lifestyle changes take effect through diet, exercise and body weight control. The US Diabetes Prevention Program has demonstrated that the incidence of the metabolic syndrome in a volunteer non-uraemic population was reduced in the lifestyle group compared with placebo \[[@R82]\]. Three-year cumulative incidences of MES were 51% and 34% in the placebo and lifestyle groups, respectively \[[@R82]\].

Thiazolidinediones may also aid the diabetic control. Apart from reducing insulin resistance, thiazolidinediones (peroxisome proliferator-activated receptor-γ agonists) also have a specific anti-inflammatory effect that may be beneficial in patients with renal failure \[[@R83]\]. We previously performed a randomized study in which 52 patients with type 2 diabetes on peritoneal dialysis therapy administered a constant dosage of subcutaneous insulin with stable glycaemic control were randomly assigned to the use of either a fixed dose of rosiglitazone (RSG) plus insulin or insulin alone \[[@R84]\]. After 24 weeks, the percentage reduction in insulin dosage was significantly greater in the RSG group than the control group (−21% versus −0.5%, *P* = 0.02). Moreover, there appeared to be an anti-inflammatory effect with RSG. At baseline, the two groups had statistically similar CRP levels (RSG versus insulin: 9.35 versus 8.63 mg/L, *P* = 0.836) while at the end of 24 weeks, the RSG groups had significantly lower CRP levels than the control group (2.21 versus 8.59 mg/L, *P* = 0.03). Recent studies have shown that more biocompatible and non-glucose-containing dialysis fluids, e.g. icodextrin and amino acid solutions, seem to be associated with improvements in glycaemic control in the diabetic patients on peritoneal dialysis \[[@R85]\].

Hypertension {#S6-2}
------------

Most subjects with chronic kidney disease and especially those on dialysis tend to have hypertension that usually requires treatment with anti-hypertensive agents. Their BP is partly related to their fluid status, and adequate fluid removal during dialysis can aid in reduction of hypertension.

The Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure (The JNC-7 Report) defined BP in the range 120--139/80--89 mmHg as 'Prehypertension' \[[@R86]\]. This suggestion is in accord to the concept of 'prediabetes' with fasting PG in the range 5.6--6.9 mmol/L as impaired fasting glucose while frank diabetes is defined as the fasting PG level ≥7.0 mmol/L. The JNC-7 report also recommends initiating drug therapy for subjects with 'Prehypertension' with compelling indications such as chronic kidney disease, heart failure and diabetes. For patients with chronic kidney disease or diabetes, BP \<130/80 mmHg is targeted as treatment goal \[[@R86]\]. Of note is our recent study using an ACE inhibitor in patients on PD \[[@R87]\]. There was benefit of ACE inhibitor in the preservation of residual renal function in addition to the BP control in PD patients \[[@R87]\].

Obesity {#S6-3}
-------

One of the important factors for the constellation of features in MES is obesity. In the general population, reducing obesity, especially reducing visceral obesity, will improve the lipid profile, improve insulin sensitivity and thus better insulin and glucose profile. These will subsequently reduce the susceptibility to thrombosis, decrease the levels of inflammatory markers and improve endothelial function. All these serve to alleviate the risk of coronary heart disease \[[@R88]\]. It was previously shown that plausible relations exist between inflammatory biomarkers, such as IL-6 and high-sensitivity C-reactive protein and regional fat distribution in ESRD patients \[[@R89]\] Also, increased adipose tissue signalling was found in patients with uraemia that might share some characteristics with the metabolic syndrome of obesity \[[@R90]\].

In PD patients, general measures to reduce weight are similar to that in the non-dialysis population. A multidisciplinary approach to weight reduction is more likely to be successful \[[@R91]\]. This includes individualized meal plans according to energy and nutritional requirements and increasing physical activity. Surgical means such as laparoscopic banding should only be considered for extreme obesity. In the general population, a recent meta-analysis suggested that drugs such as orlistat, sibutramine and rimonabant can modestly reduce weight, have differing effects on cardiovascular risk profiles and have specific adverse effects \[[@R92]\]. However, pharmacotherapy for PD patients with oral anti-obesity drugs is currently not an option due to their limited safety profiles among patients on dialysis.

In the peritoneal dialysis population, avoiding or minimizing peritoneal dialysate glucose, e.g. using icodextrin and amino acid solutions, may aid weight control. A trial using icodextrin compared with 2.5% dextrose peritoneal dialysis fluid showed that patients receiving icodextrin had no increase in weight after 52 weeks, in contrast to a weight gain of almost 2 kg in the dextrose group \[[@R93]\]. Adjusted body weight during the 52-week study for the icodextrin arm was also significantly lower when compared to baseline \[[@R93]\].

Recommendations for weight reduction, especially fat mass, in peritoneal dialysis patients with MES have theoretical advantages. Unfortunately, so far, there is little evidence that weight reduction is associated with improved patient outcomes in peritoneal dialysis.

Hyperlipidaemia {#S6-4}
---------------

Dyslipidaemia can be treated with reduction in the amount of dietary cholesterol or fats, use of lipid-modifying drugs such as statins or fibrates. There are few large studies concentrating on use of these drugs in the peritoneal dialysis population. Wanner *et al.* conducted the Deutsche Diabetes Dialyse Studie (4D study) \[[@R94]\] which recruited subjects with type 2 diabetes mellitus receiving maintenance haemodialysis. The 1255 subjects were randomly assigned to receive atorvastatin or placebo. At 4 weeks, the median low-density lipoprotein cholesterol (LDL-C) level had a reduction of 42% in the atorvastatin group, from 3.13 mmol/L (121 mg/dL) to 1.86 mmol/L (72 mg/dL), but only 1.3% in the placebo group, from 3.23 mmol/L (125 mg/dL) to 3.10 mmol/L (120 mg/dL). However, after a median follow-up of 4 years, atorvastatin had no statistically significant effect on the composite primary endpoint of cardiovascular death, nonfatal myocardial infarction and stroke in patients with diabetes receiving haemodialysis. So far we do not have large-scale lipid-lowering trials on survival in PD patients.

The LANDMARK (Longitudinal Assessment of Numerous Discrete Modifications of Atherosclerotic Risk factors in Kidney disease) study \[[@R95]\] assessed a mixed group of haemodialysis, peritoneal dialysis and pre-dialysis patients. Despite having significant improvement in serum LDL-C (−30.9 mg/dL versus −12.7 mg/dL, *P* = 0.001), homocysteine (−6.95 versus −0.67 micromol/L, *P* \< 0.001), systolic BP (−6.9 versus −0.2 mmHg, *P* = 0.049) and diastolic BP (−4.8 versus −1.0 mmHg, *P* = 0.043), there was no significant change noted in the carotid intima-media thickness or brachial artery reactivity, as outcome measures of atheroma burden and endothelial function \[[@R95]\]. It was concluded that multiple risk factor intervention programme was not associated with improvement in vascular structure or function in stage 4 or 5 patients with chronic kidney disease. Another study in chronic kidney disease subjects with MES randomized to intensive risk factor modification also did not show any significant difference compared to those on usual care (log-rank score 0.37, *P* = 0.54) \[[@R55]\].

Conclusions {#S7}
===========

In the general population, MES is associated with increased cardiovascular morbidity and mortality. The prevalence of MES is increasing worldwide, affecting ∼15--25% of the general population in most parts of the world. In peritoneal dialysis patients, the prevalence is in the range of \>50%. Previous studies have shown that the presence of MES in those with end-stage renal failure predicts poor survival. Despite some reports that in dialysis patients, a high BMI is associated with a better survival, those with low muscle mass (and thus high fat mass) probably still have a worse survival compared to those with a high muscle mass.

There is evidence that increased cardiovascular risk in the peritoneal dialysis population is due to the interplay between traditional cardiovascular risk factors (metabolic factors) and inflammation. In the general population, improving the metabolic profile can significantly improve the cardiovascular risk. However, evidence in the dialysis population that interventions targeting individual elements of MES can improve outcomes is still pending. Thus, a large-scale interventional research study on the clinical outcome data in this area should be performed.
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